Olefin/Paraffin Separation using Ceramic Hollow Fiber Membrane Contactors  by Faiz, R. et al.
 Procedia Engineering  44 ( 2012 )  662 – 665 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.08.522 
(XURPHPEUDQH&RQIHUHQFH
>2'@
2OHILQSDUDIILQVHSDUDWLRQXVLQJFHUDPLFKROORZILEHUPHPEUDQHFRQWDFWRUV
5)DL]0)DOODQ]D,2UWL]./L
,PSHULDO&ROOHJH/RQGRQ8.8QLYHUVLW\RI&DQWDEULD6SDLQ
7KH VHSDUDWLRQ RI ROHILQV IURP SDUDIILQ JDV PL[WXUHV KDV EHHQ WKH IRFDO SRLQW RI PDQ\
UHVHDUFKHUVDQGLQGXVWULDOILUPV>@3DUDIILQVVXFKDVSURSDQHDUHFRPPRQO\XVHGDVDIXHOIRU
HQJLQHVLQGXVWULDOSURFHVVHVDQGUHVLGHQWLDOFHQWUDOKHDWLQJZKLOHSURS\OHQHLVDUDZPDWHULDO
IRU D ZLGH YDULHW\ RI SURGXFWV LQFOXGLQJ SRO\SURS\OHQH ZKLFK LV XVHG LQ SDFNDJLQJ DQG RWKHU
LPSRUWDQW DSSOLFDWLRQV VXFK DV WH[WLOHV ODERUDWRU\ HTXLSPHQW DQG DXWRPRWLYH FRPSRQHQWV
+RZHYHU ROHILQVDQGSDUDIILQVDUHXVXDOO\SURGXFHG WRJHWKHUDVE\SURGXFWV IURPQDWXUDO JDV
DQGSHWUROHXPUHILQLQJSURFHVVHV$VDFRQVHTXHQFH WKHVHSDUDWLRQRI OLJKWROHILQVIURPWKHLU
UHVSHFWLYHSDUDIILQVLVDWDVNRISULPDU\LPSRUWDQFHWRWKHSHWURFKHPLFDOLQGXVWU\8QIRUWXQDWHO\
WKLVVHSDUDWLRQLVYHU\FKDOOHQJLQJGXHWRWKHVLPLODUSK\VLFDODQGFKHPLFDOSURSHUWLHVRIROHILQV
DQGSDUDIILQVVXFKDVPROHFXODUVL]HYRODWLOLW\DQGVROXELOLW\7KHVHSDUDWLRQSURFHVVLVSULPDU\
FDUULHGRXWE\FU\RJHQLFGLVWLOODWLRQLQDVLQJOHRUGRXEOHFROXPQSURFHVVFRQVLVWLQJRI
WUD\VDWRSHUDWLQJWHPSHUDWXUHVEHWZHHQ.DQGSUHVVXUHVRIEDU1HYHUWKHOHVV
WKHHQHUJ\DQGFDSLWDO LQSXWRI WKHFU\RJHQLFGLVWLOODWLRQSURFHVV LVFRQVLGHUHGHQRUPRXVDQG
KDVEHHQLQWHQVLYHO\ORRNHGLQWRIRUSRVVLEOHUHSODFHPHQWV>@

,Q WKH SDVW IHZ GHFDGHV WKH XVH RI KROORZ ILEHU PHPEUDQH FRQWDFWRUV IRU ROHILQSDUDIILQ
VHSDUDWLRQKDVEHHQH[WHQVLYHO\VWXGLHG>@7KHVHSDUDWLRQLVFDUULHGRXWE\WKHDEVRUSWLRQRI
ROHILQVLQWRDQDTXHRXVRURUJDQLFPHGLDFRQWDLQLQJWUDQVLWLRQPHWDOVLRQVGXHWRWKHZHOONQRZQ
SLFRPSOH[DWLRQ>@+RZHYHUSDUDIILQVGRQRW LQWHUDFWZLWK WKHDEVRUEHQWVROYHQWDQGH[LW WKH
PHPEUDQHPRGXOH LQ D SXUH IRUP7KH ULFK ROHILQVROYHQW VWUHDPPD\ EH UHJHQHUDWHGZKHUH
ROHILQV DUH UHFRYHUHG DQG WKH DEVRUEHQW PHGLXP FRXOG EH UHF\FOHG EDFN WR WKH PHPEUDQH
PRGXOHIRUIXUWKHUDEVRUSWLRQ7KLVW\SHRISURFHVVRIIHUVVHYHUDOSUDFWLFDODGYDQWDJHVLQFOXGLQJ
KLJKVXUIDFHDUHDSHUXQLW FRQWDFWRU YROXPHZKLFKFRQWULEXWHVVLJQLILFDQWO\ WR WKH UHGXFWLRQRI
WKH XQLW VL]H ,Q DGGLWLRQ RSHUDWLQJ GUDZEDFNV RFFXUULQJ LQ FRQYHQWLRQDO DEVRUSWLRQ FROXPQV
DQGVSUD\ WRZHUV VXFK DV IORRGLQJ ORDGLQJZHHSLQJRU IRDPLQJGR QRW WDNHSODFH LQ KROORZ
ILEHUPHPEUDQHFRQWDFWRUVGXHWRWKHLQGHSHQGHQWFRQWURORIJDVDQGOLTXLGIORZUDWHV>@

+RZHYHURQHRIWKHPDMRULVVXHVDVVRFLDWHGZLWKWKHXVHRIFRQYHQWLRQDOSRO\PHULFPHPEUDQH
FRQWDFWRUV LV WKH ORQJWHUP VWDELOLW\ RI WKH PHPEUDQHV GXH WR ZHWWLQJ >@ 2QFH ZHWWLQJ
SKHQRPHQRQRFFXUVWKHVROYHQWPD\DIIHFWWKHPHPEUDQHSURSHUWLHVGXHWRSDUWLFOHGHSRVLWLRQ
ZKHUH SRUHV EORFNDJH RFFXUV RU GXH WR WKH LQFUHDVH LQ SRUH VL]H GLVWULEXWLRQ GXH WKH
PHPEUDQH¶VLQFRPSDWLELOLW\ZLWKWKHFKHPLFDOVROYHQW,QERWKFDVHVWKHPHPEUDQHVKRXOGEH
IUHTXHQWO\ UHSODFHG ZKLFK LQ UHWXUQ FRQWULEXWHV WR D VLJQLILFDQW ULVH LQ WKH FDSLWDO FRVW
)XUWKHUPRUHSRO\PHULFPHPEUDQHVKDYHWKHGLVDGYDQWDJHWKDWWKH\FDQQRWRSHUDWHDWUHDODQG
KDUVK LQGXVWULDO FRQGLWLRQV VXFK DV KLJK WHPSHUDWXUHV DQG SUHVVXUHV ,Q RUGHU WR DYRLG WKH
DERYHFULWLFDOGUDZEDFNVDQGSRVVLEO\SURSRVHDVWDEOHPHPEUDQHFRQWDFWRUV\VWHPWKHXVHRI
QRYHOFHUDPLFKROORZILEHUPHPEUDQHFRQWDFWRUVIRUSURS\OHQHSURSDQHVHSDUDWLRQZKLOHXVLQJ
VLOYHUQLWUDWHVROXWLRQDVWKHDEVRUEHQWVROYHQWLVUHFRPPHQGHG

7KHFHUDPLFKROORZILEHUPHPEUDQHVZHUHVXFFHVVIXOO\IDEULFDWHGPRGLILHGFKDUDFWHUL]HGDQG
ILQDOO\DVVHPEOHGWRJHWKHU LQWRDPHPEUDQHPRGXOHZKHUHSURS\OHQHSURSDQHVHSDUDWLRQZDV
FDUULHGRXWXQGHUDYDULHW\RIRSHUDWLQJSDUDPHWHUVDQGLQLWLDOFRQGLWLRQV7KHPRGLILFDWLRQVWHS
ZDV DQ LPSRUWDQW IDFWRU WR HQVXUH WKDW WKH KROORZ ILEHUZDV K\GURSKRELF WR DYRLGPHPEUDQH
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ZHWWLQJZKLOHLQFRQWDFWZLWKVLOYHUQLWUDWHVROXWLRQ7KHFRQWDFWDQJOHRIWKHPRGLILHGILEHUVZDV
VLJQLILFDQWO\LPSURYHGIURPWRDVVKRZQEHORZLQ)LJ7KHPRGLILFDWLRQRIWKHKROORZ
ILEHUV ZHUH IXUWKHU FRQILUPHG E\ EUHDNWKURXJK SUHVVXUHPHDVXUHPHQWV DV WKH EUHDNWKURXJK
SUHVVXUHZDVDQGEDUIRUXQPRGLILHGDQGPRGLILHGKROORZILEHUVUHVSHFWLYHO\


)LJ7KHFRQWDFWDQJOHRIRULJLQDO$DQGPRGLILHG%FHUDPLFKROORZILEHUV

7KH SHUIRUPDQFH RI SURS\OHQHSURSDQH VHSDUDWLRQ ZDV HYDOXDWHG E\ WKH  UHPRYDO DQG
SURS\OHQH IOX[ DFURVV WKHPHPEUDQH IRU YDULRXV RSHUDWLQJFRQGLWLRQV7KHHIIHFWRI RSHUDWLQJ
JDV IORZ DQG OLTXLG IORZ UDWHV RQ WKH UHPRYDO DQG SURS\OHQH IOX[ LV VKRZQ LQ )LJ  7KH
DEVRUSWLRQUDWHRISURS\OHQHVHHPVWRLQFUHDVHZLWKGHFUHDVLQJWKHJDVIORZUDWHDQGLQFUHDVLQJ
WKH OLTXLG IORZ UDWHZKLFK KDVEHHQH[WHQVLYHO\ UHSRUWHG IRU VLPLODUJDVDEVRUSWLRQSURFHVVHV
XVLQJSRO\PHULFKROORZILEHUPHPEUDQHFRQWDFWRUV


)LJ7KHUHPRYDODQGSURS\OHQHIOX[IRUDJDVPL[WXUHFRQWDLQLQJ&+DQG&+
ZKLOHWKHFRQFHQWUDWLRQRI$J12ZDV02SHUDWLQJJDVWHPSHUDWXUHVDQGSUHVVXUHVZHUH
.DQGEDUUHVSHFWLYHO\

,Q WKH SUHVHQW FHUDPLF KROORZ ILEHU V\VWHP WKH RYHUDOO PDVV WUDQVIHU FRHIILFLHQW FDQ EH
GHVFULEHG E\ FRQVLGHULQJ WKUHH UHVLVWDQFHV LQ VHULHV LH WKH JDV ILOP UHVLVWDQFHPHPEUDQH
UHVLVWDQFH DQG WKH OLTXLG ILOP UHVLVWDQFH >@ ,Q WKH FDVH RI XVLQJ PRGLILHG K\GURSKRELF
PHPEUDQHV WKHSRUHVFDQEHDVVXPHGWREHFRPSOHWHO\RSHUDWLQJ LQ WKHGU\PRGHZKHUHQR
ZHWWLQJRFFXUV7KHH[SHULPHQWDOUHVXOWVZHUHDQDO\VHGXVLQJWKH:LOVRQSORW >@ WHFKQLTXHWR
GHWHUPLQHWKHH[SHULPHQWDOO\PDVVWUDQVIHUUHVLVWDQFHLQWKHPHPEUDQH)URPWKHLQWHUFHSWRI
)LJWKHFHUDPLFKROORZILEHUVH[KLELWHGDPHPEUDQHWUDQVIHUUHVLVWDQFHWKDWLVORZHUWKDQ
RIWKHRYHUDOOPDVVWUDQVIHUUHVLVWDQFHLQWKHV\VWHP

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7KLVSHUIRUPDQFHZDVFRPSDUHGZLWK37)(DQG39')PHPEUDQHPRGXOHVZKLFKDUH WZRRI
WKHPRVWFRPPRQFRPPHUFLDOO\DYDLODEOHSRO\PHULFKROORZILEHUPHPEUDQHVDQGDOVRWKHPRVW
VWXGLHG LQ WKH OLWHUDWXUH DPRQJ DXWKRUV >@ 7KH UHVXOWV VKRZ WKDW WKH FHUDPLF PHPEUDQH
SHUIRUPVDVZHOODVWKHKLJKO\K\GURSKRELF37)(PHPEUDQHDQGPXFKEHWWHU WKDQWKH39')
PHPEUDQHZKLFKFRXOGEHDWWULEXWHGWRSDUWLDORUFRPSOHWHZHWWLQJRFFXUULQJLQWKHODWWHU

)LJ7KHRYHUDOOPDVVWUDQVIHUUHVLVWDQFHDVDIXQFWLRQRI OLTXLGYHORFLW\ IRUFHUDPLF39')
DQG37)(KROORZILEHUPHPEUDQHFRQWDFWRUV

$OWKRXJKWKHSHUIRUPDQFHRIWKH37)(PHPEUDQHZDVVOLJKWO\EHWWHUWKDQWKDWREWDLQHGE\WKH
FHUDPLF PHPEUDQHV LQ WKH LQLWLDO VWDJHV LW LV DQWLFLSDWHG WKDW SHUIRUPDQFH RI WKH SRO\PHULF
PHPEUDQHV PD\ FKDQJH LQ WKH ORQJ WHUP GXH WR WKH FKHPLFDO LQFRPSDWLELOLW\ DQG WKXV
GHWHULRUDWLRQ LQ WKH VHSDUDWLRQ SHUIRUPDQFH VKRXOG EH REVHUYHG )XUWKHU UHVXOWV RQ WKH ORQJ
WHUPVWDELOLW\ZRXOGEHSUHVHQWHG

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